54
 NITROGEN COMPOUNDS
It will be noticed that 4 vols. of the mixture of nitrogen and hydrogen produce 2 vols. of
ammonia, and consequently, as in the case of all gaseous reactions where the products of interaction
occupy a smaller volume than the original components, and increase of pressure favours the
formation of the products possessing the least volume. Haber and his co-workers found that by
employing a very high pressure, about 200 atmospheres, and a temperature of between 50O°-7oo° C.,
and by passing the mixture of gases over a catalyst, such as osmium or uranium, the combination
of nitrogen with hydrogen proceeded so favourably that from 3-12 per cent, of ammonia was formed
in the reacting gases.
It will be seen from the above equation that large amounts of energy are not
required for the production of ammonia from its elements, and that, therefore,
the manufacture of synthetic ammonia need not be confined to districts where
large amounts of cheap water-power are available, as is the case with the electrical
production of nitric acid, cyanamide, etc.
The Badische Anilin und Soda Fabrik have now erected works at Oppan, near
Ludwigshafen, for the large scale preparation of synthetic ammonia by this process.
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fig. 18.—The Haber and Le Rossignoi Process for'Synthetic Ammonia.
Although the details of the plant employed on the large scale have not been
published, the details of the experimental plant employed by Haber and Le
Rossignoi have been described in the above publication.
A diagrammatic sketch of Haber and Le Rossignol's experimental apparatus is given in Fig.  18.
Through the tube F a mixture of I vol. nitrogen and 3 vols. of hydrogen under a pressure of
200 atmospheres enters the strong steel vessel mm. After passing over the outer surface of a number
of capillary metallic tubes w—which serve as a heat interchanger and regenerator as we will
presently explain—the gas passes down the tube as shown, over the surface of an electrical heating
coil aa, where the temperature of the gas is increased to 8oo°-i,ooo° C., then back up an interior
iron tube ss, over the layer of catalytic substance B, thence through a number of capillary tubes w,
out through the tube XX, thence through the compressing pump P, working at 200 atmospheres'
pressure, thence out through the tube E, through the set of capillary tubes x, and so into the vessel
H, which is surrounded by a freezing mixture of solid CO2 and ether at a temperature of —60° or — 70°,
which causes the ammonia «-in the gas to separate in the liquid state, whence it can be drawn off
by the cock j. From H the gases pass away by the tube F, over the exterior surface of the system

